Abstract-In this article, the parametric analysis of the slot-loaded microstrip line feed patch antenna is investigated using artificial neural network model. The bandwidths of the proposed antenna obtained at TM 01 , TM 02 , and TM 03 frequency modes are 10.2 GHz, 13.6 GHz, and 17.2 GHz, respectively. The performance of the proposed antenna is analyzed using artificial neural network model. The changes obtained in bandwidth due to the position of slot length and slot width are reported. The antenna parameters such as return loss, VSWR, gain and efficiency are also calculated. The simulated results obtained with the help of IE3D simulation software are trained and tested using ANN. Theoretical results are compared with simulated and experimental ones, and they are in close agreement.
INTRODUCTION
Microstrip antennas have sparked interest among researchers because of their attractive features like low profile, light weight, and conformal to mounting structures, but they have two most serious limitations, narrow bandwidth and low gain [1] . Available methods for the analysis of MSA have high level of complexity. Generally, there are two methods for analysis of microstrip antenna such as numerical method and analytical method. The numerical methods is complicated compared to analytical methods and require much more time, whereas, analytical methods are easy and specified to only some definite shapes of microstrip antenna. An artificial neural network (ANN) is used here for reducing some of these problems. ANNs are computational tools that learn from experience (training), which provide fast and accurate models for microwave modeling, simulation, and optimization.
Using artificial neural network microstrip patch antenna was reported by Vegni and Toscano [2] in which they proposed the analysis of MSA using artificial neural network. Further, Mishra and Patnaik [3, 4] proposed a CAD model for the design of square patch antenna and artificial model for effective dielectric constant of microstrip line. Later, CAD model using spectral domain formulation [5] was also reported for the designing of rectangular patch antenna. Therefore, Guney and Sarikaya [6] proposed a comparative study of MAMDANI and Sugeno fuzzy interface system models for the resonant frequency calculation of rectangular microstrip patch antenna. Several other papers have also used ANN model to analyze and synthesize the microwave circuits [7] [8] [9] [10] [11] [12] [13] [14] [15] . Thakare and Singhal [16] proposed the analysis of broadband slot-loaded inset feed microstrip patch antenna using ANN model. Most of these papers are based on ANN model presented only simulated and experimental results. In this paper, we provide a theoretical investigation and compare its results with simulated and experimental ones.
In this paper, the microstrip line feed slot-loaded patch antenna is proposed. Its theoretical, simulated and ANN results have also been verified experimentally. The proposed antenna is investigated for triple frequency-band operation, so that single antenna can be utilized for more than one frequency bands. The theoretical analysis of the proposed antenna is discussed using circuit theory concept based on modal expansion cavity model whereas ANN used RBFNN model.
ANTENNA DESIGN AND ITS EQUIVALENT CIRCUIT
The geometry of the proposed microstrip line feed slot-loaded antenna is shown in Figure 1 . The proposed antenna consists of microstrip line feeding, notches, and it is loaded with two parallel slots. The design specification of antenna is given in the Table 1 . The microstrip patch is considered as a parallel combination of resistance (R 1 ), inductance (L 1 ) and capacitance (C 1 ) as shown in Figure 2 . The values of R 1 , L 1 , and C 1 can be calculated as [17] ,
where L and W are the length and width of the rectangular patch, respectively. y 0 = feed point location and h = thickness of the substrate material. where c = velocity of light, f = the design frequency, and ε e is effective permittivity of the medium, which is given by [17] ε e = ε r + 1 2
where ε r is relative permittivity of the substrate material. Therefore, the impedance of the rectangular patch can be calculated from Figure 2 as
In this rectangular patch, a notch (L n × W n ) is loaded, which causes the flow of two currents in the patch, and one is the normal patch current which causes the antenna to resonate at the design frequency of the initial patch; however, the other current flows around the notch resulting in the second resonance frequency. Discontinuities due to notch incorporated in the patch are considered in terms of an additional series inductance (∆L) and series capacitance (∆C) that modify the equivalent circuit of the RMSA as shown in Figure 3 , in which ∆L and ∆C can be calculated as [18, 19] 
The value of R 2 after cutting the notch is calculated similarly as R 1 in [17, 20] . It can be noted that the two resonant circuits, rectangular patch and notch-loaded patch, are coupled through mutual inductance (L M ) and mutual capacitance (C M ). Thus the notch-loaded patch can be considered as shown in Figure 4 .
Further, a parallel combination of slot (L s × W s ) is introduced in the patch geometry. It can be analyzed by the duality relationship between the dipole and slot [21] . The radiation resistance of the slot on the rectangular patch is given as:
where α is inclination angle of the slot (α = 0 • ), and k = wave vector. 
4Z cy (10) where η 0 = 120π and
in which R r is the real part and equivalent to radiation resistance of slot, and X r is the input reactance of the slot [22] . Now the equivalent circuit of the patch is shown in Figure 5 . Figure 5 . Equivalent circuit of slot-loaded rectangular patch.
The proposed microstrip patch antenna after inserting the microstrip line feed is shown in Figure 6 . Hence, the total input impedance of the microstrip line feed slot-loaded rectangular patch can be calculated as Figure 6 . Equivalent circuit of proposed geometry.
where Z P = input impedance of the patch
Z N = input impedance of the notch loaded patch
Now using Equation (11) one can calculate the total input impedance of the proposed antenna and various antenna parameters such as reflection coefficient, VSWR and return loss as,
where Z is the input impedance of the microstrip fed (50 Ω).
Return loss RL = 20 log |Γ| (16)
BANDWIDTH SYNTHESIS USING ANN
For the proposed work, radial basis function neural network (RBFNN) is preferred to model the microstrip line feed slot-loaded patch antenna. Feed forward neural networks with a single hidden layer that uses radial basis activation functions for the hidden neurons are called radial basis function networks. RBFNN is applied to various microwave modelling purposes [23, 24] . A typical RBF network structure is shown in Figure 7 (a). The parameters C ij and λ ij are centers and standard deviations of radial basis activation functions. Commonly used radial basis activation functions are Gaussian and multiquadratic. The RBF neural network has both types of learning strategies -supervised and unsupervised learning. It consists of input, hidden and output layer of neurons. The hidden layer of neurons represents a series of centers in the input data space. Each of these centers has an activation function. The input x j and the total input to the ith hidden neurons γ ij are given as [10] ,
where i = 1, 2, 3, . . . , N , and N is the number of hidden neurons. The output value of the ith hidden neuron is Z ij = σ(γ i ) where σ(γ i ) is a radial basis function. Finally, the outputs of the RBF network are computed from hidden neurons as shown in Figure 7 (a).
w ki z ki (20) where w ki is the weight of the link between the ith neuron of the hidden layer and the kth neuron of the output layer. Training parameters w of the RBF network include w ko , w ki , c ij , The RBF network is trained with the data obtained from the mathematical formulation and ZELAND software [25] . Various values of slot length L S , slot width W S , height of the substrate h, dielectric constant of the substrate of microstrip line feed slot-loaded patch antenna are used for the training process. In the structure of RBF model, there are 4 input neurons and 1 output neuron used for the analysis of ANN. RBF networks is faster and more accurate for this antenna design. The RBF network automatically adjusts the number of neurons in the hidden layer till the defined accuracy is Figure 7(a) . Training of this model is used for minimizing the error between training output and target output. Figure 7(b) shows that the minimum mean square errors have been achieved with 100 epochs on training of RBFNN model.
RESULTS AND DISCUSSION
From Figure 8(a) , it is observed that with increasing the length of slot from 0.5 mm to 2.0 mm, the resonance frequency obtained at 10.2 GHz has no significant change whereas band obtained at 13.6 GHz shifts towards lower resonance side. Further, it is also observed that the third band obtained at 17.2 GHz shifts towards higher resonance side. This return loss is due to variation of current length on the patch. , it is observed that with increasing the width of slot from 0.5 mm to 2.0 mm, the resonance frequency obtained at 10.2 GHz (TM 01 ) shifts towards lower resonance side, whereas band obtained at 13.6 GHz (TM 02 ) shifts towards lower resonance side. Further, it is also observed that the third band obtained at 17.2 GHz (TM 03 ) has no significant change. Figure 8(c) shows the comparison among the theoretical, simulated, and experimental results which are in close agreement with each other, and the only variation occurs in experimental results due to irregularity in fabrication of proposed antenna such as size and losses of the solder joints, which are not considered in simulation and theory, which may be the cause of this difference. Figure 8(d) shows that the simulated and theoretical values of antenna efficiency at 10.2 GHz are 78% and 71%, whereas, at 17.2 GHz, they are 73% and 70%, respectively. From Figure 8 (e), it is also observed that the gain of the proposed antenna at 10.2 GHz is 6.1 dBi (theoretical) and 6 dBi (simulated), whereas, for the second band at 13.6 GHz it is 2.2 dBi (theoretical and simulated) and third band at 17.2 GHz is 7.8 dBi (simulated) and 7.6 dBi (theoretical). All these values are found in good agreement with theoretical and simulated results. Figures 14(a)-(b) show plots between the output target bandwidth and input slot length (L s ). It is observed that with varying the value of spread constant, the output target bandwidth is in close agreement with RBFNN model. The calculated bandwidths for different slot lengths are given in Table 2 and Table 3 , which show the compared results of IE3D, theoretical, ANN, and experimental bandwidth for the proposed antenna. 
Comparison of Result of IE3D, ANN and Experiment for the Bandwidth Calculation

CONCLUSION
An analysis of microstrip line feed slot-loaded patch antenna has been investigated, and the proposed antenna exhibits triple frequency band operation. The results obtained using ANN technique are in close agreement with the experimental ones. The technique utilized for calculating the bandwidth of a microstrip line slot-loaded patch antenna is simple and highly accurate. Thus, the RBFNN technique utilized on the proposed antenna gives substantial accuracy. The proposed antenna exhibits triple band frequency operation at 10.2 GHz, 13.6 GHz, and 17.2 GHz with sufficient bandwidth and moderate gain. This antenna can be used for X-band and Ku-band applications.
